The paper presents the geometric-kinematic modeling of an articulated planar mechanism used to actuate the urban bus doors. The stages of solving the kinematic parameters as displacement, velocity and acceleration of each component of the linkage are performed. One of the goals of the paper is to use this modeling of kinematics to improve the operation of the mechanism as synchronization of the two folding doors. The velocity and acceleration of them are also important due to the fact that it can create a safe environment for the passengers. Before this study, a similar type of linkage used on trolleybuses is presented in brief. Also, a review of the main types of urban bus doors is emphasized in section 2.
Introduction
For a high frequency of stops and a high number of passengers getting on and off, as well as for ensuring the safety of the passengers on boarding and during the journey, the urban vehicles are equipped with doors consisting of two or more folding parts, pneumatically or electrically controlled. A mechanism for actuating the city bus doors is generally composed [1, 17] of two main parts: a) the control mechanism, mounted either under the stairs or above the door; b) the crank-slide final mechanisms to which either the crank and the coupler or only the couplers or the cranks are rigidly linked to one part of the folding door.
The structural and kinematic analysis of the pneumatic mechanisms used to actuate the urban bus doors [4] highlights the unitary character of the control mechanisms. Also, a general method of structural and geometric analysis of the control mechanisms, in openclosed positions, as well middle positions, is of interest. In section 2 of the paper the main types of urban bus doors are presented. The most used mechanisms for actuating the doors are with circular sliding or rotational-sliding motions. In section 3 a linkage having only revolute joints in the final mechanism structure, used on trolleybuses, is presented. Finally, in section 4, a geometric-kinematic modeling of a two folding door-part mechanism is performed. The displacement, velocity and acceleration of each element of the linkage have been calculated and displayed. Based on these results, some improvements regarding the passenger comfort are outlined.
Mechanisms for bus doors

Swinging door (conventional) with hinge joint
In the case of classical design buses ( Figure 1a ) the doors have a swinging movement around a vertical axis by means of some hinges. 
Door with circular sliding motion
In modern buses one of the door movement solutions is circular sliding, being done by means of an articulated parallelogram mechanism (Figure 1b) . The kinematic scheme of such a linkage shows that the vehicle door (represented by the segment MN) is rigid connected with the coupler AB ( Figure 2 ). In the practical case of bus doors, the positioning of the fixed joints A 0 and B 0 is made inside the body 0, in the area of the stairway. 
Stair step
interfere with the bus body, so that the shape of it is curved and it does not collide with the vehicle body ( Figure 2 is the driving kinematic element, it has a much larger crosssection than the bar 3, having primarily a geometric role. Note that for the right part, the parallelogram mechanism was only in the closed position represented.
Door with planar rotational-sliding motion
The door of the bus can be made of two parts articulated each other, of which one of the parts performs a horizontal rotation and the other one performs a planar rotational-sliding motion. The most commonly used solution is the one in which the door is made of a single part having a horizontal planar movement (rotational-sliding). When the door is opened, the door-part is fully folded (Figure 3a The control and actuation mechanism of the door is usually located at the top of the bus body due to the saved space inside the bus and the lower road clearance.
The door mechanism of a trolleybus type TV
This type of mechanism ( Figure 5 ) consists of three series-connected mechanisms: MC(1,2,3), ME1(3,4,5,6,7) and ME2 (6, 8, 9) . The main structure of the linkage is a planar triadic chain. The final mechanism consists of a parallelogram (5, 6, 7) and an anti-parallelogram (6, 8, 9) so that the transmission ratio [9] achieved between the driven elements 7, 9 is -1. 
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The piston 1 operates with double effect, the compressed air acting on both sides, and by means of the connecting rod 2 the linear sliding motion is turned into a rotational motion, swinging the rocker 3 ( Figure 5 ). Further, the movement is transmitted, by the coupler 4, to the parallelogram (5, 6, 7) and then, via the element 6, to the anti-parallelogram (6, 8, 9) . The doors or the main parts of the folding doors are fixed to the driven elements 7, 9 (having limited rotation up to 90°), according to the kinematic scheme.
The geometric-kinematic modeling of a bus door mechanism
The next kinematic scheme ( Figure 6 ) shows the piston 1 as driving element which is positioned, at one moment in time, by means of the linear displacement s 10 =s 1 in the fixed horizontal cylinder 0. Through the displacement of the point A, the two elements of the dyad chain LC(2,3), the coupler 2 and the rocker 3, will incline by the angles φ 2 and φ 3 measured in the points B and B 0 . Figure 6 . The kinematic scheme of the bus door mechanism (in closed position) and the independent kinematic contours Further, the swinging movement of the point C is transmitted through the coupler 4 to the triadic chain LT(4,5,6,7) with two fixed articulations E 0 and F 0 ( Figure 6 ). The element 6 has two articulations opposed along the diameter E and G, so that through the rotate joint G the motion is transmitted to the dyad chain LC(9,10). On each of the bars 7 and 10 the first door-part is rigid connected, by which the second door-part 8 and 11 is articulated (in the points I and K) whose movement is type planar rotational-sliding. The point J and L have sliding motion through the rollers 12 and 13 that move in a rectilinear guide. Note that for the extreme displacement of the piston 1 (s 1max ) the two doors are closed, the two door-parts of one door being in prolongation: (7, 8) and (10, 11) . Starting with the actuator mechanism MA(0,1), the structural formula of the planar "motor mechanism" (MM) has the following expression:
(1) According to this formula of structural compounding of the motor mechanism, six independent closed kinematic contours have been identified, of which four contours specific to the four dyad chains and two independent contours specific to one tetrad chain. The characteristic lengths of the linkage are relative constant parameters with respect to the coordinate system chosen in point B 0 , and the absolute constant parameters are fixed or mobile (the (13) This system with twelve scalar equations (2, 3, ..., 13) can be divided in five systems of nonlinear equations, of which four systems of two equations (specific to the dyad chain) and one system of four nonlinear equations (specific to the triad chain). The resolving order of these systems of two or four nonlinear equations is given by the structural formula (1). Using MathCAD software the kinematics of the bus door linkage has been accomplished. The software managed to resolve the twelve equation system only in stages as it has been mentioned above. The twelve variables (ten angular and two linear displacements) have been displayed in figure 7 and respectively in figure 8. Along with these graphs the numerical tables 1 and 2 were also shown. As it can be observed in figure 8 , the linear displacements s 12 and s 13 have pretty matched trajectories which means that the mechanism is operating almost in a symmetry way. This is a positive sign regarding the working balance between the two left/right folding doors. In figure 9 the angular and linear velocities have been displayed. Also, in figure 10 the angular and linear accelerations have been displayed. The issue of "how fast the bus door should operate?" is an optimization problem. If the speed of it is too high, the passengers could be struck, and if it is too low, the bus will be delayed.
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The main advantage of folding bus doors is the space saving inside the bus and the safety that it can provide to the passengers. Figure 7 . Graphs of the angular displacements: φ 2 to φ 6 (a) and φ 7 to φ 11 (b) Figure 8 . 
Conclusions
The paper presents a geometric-kinematic modeling of an articulated bar mechanism for actuate the doors of the urban buses. It is emphasized that in the linear displacement graph of the kinematics of the linkage final elements, the two curves are nearly matched. This is pretty acceptable due to the fact that the mechanism should operate in a synchronized way. Also, it has been outlined that the velocities and accelerations of the folding doors are very important for the passenger comfort and for the tight schedule of the bus driver. An optimized operation of the mechanism is the solution to this matter.
